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533 Turning Movement Survey

The turning movement survey for this study is important for providing details on the dircc-
tional movements of traffic. The interscclions whcre this survey was executed are shown in
Fig. 5.4, with the survey shect shown in Tab. 5.5. The details of its exccution are as follows:

Survey Time: Morning peak and olf-pcak iimes over a period of 3 days

* Measurement Intervals: 15 minutes,
~* No. of Survey Stations: 16 stations representing major junctions in the CMR

« Vehicle Class: 8 :

* Survey Methodology Measurements were carned out for all the directions of travel
(left nght slrarght) by a smgle team of enumerators that did a 15-minute count for each

534 ."l\'*avel" Speed Stlrvey

This survey is unportant in that it provides observed travel speed data that can be dlrectly
compared \vnth modeled travel speeds in the calibration of the traffic demand model. The
routes where lhlS survey was carried out arc as shown in Fig. 5.5, with the survey sheet shown
in I‘ab 5.6, -
e Survey Time: Mommg pcak and off-peak times over a penod of 3 days
~+ No. of Measurements 2 ttmes per day for the 8 survey routes for both directions, w1th
speeds recorded at the appropnate locatlons along each route ' . '
. Survey Methodology A test car was used and average travel speeds for the dlfferent lo-j'
- calions along the survey routes obtained by travellmg along wnth the traffic flow (l €.,
the avcrage car method was apphed) '

53.5 Bus Passcnger Intervietv Survey

This suzrvey, like the bus passenger'volume survey,'was a supplemental survey and not initially
consldercd The importance of this survey is to determine whether bus nders are captnve users
for modal spht purposes The locatlons where the survey was executed are ‘shown in Fig. 5.6,
with the survey sheet shown in Tab. 5.7. The detalls of the survey executton are as fo]lows

. Survcy Tlme Depending on whether or not there was exrstmg data elther a 6 hour sur- o

vey (mornmg or afternoon) or an all-day survey was camcd out. Also al important bus
- locations, the a]l day survey was done for 3 days. )
. Survcy Items: Access mode, egress mode, and car ownershrp :
+ Survey Methodology: Bus passengers wartmg at 1mp0rtant bus stops and termmals a
were 1nterv1ewed al random and thetr answers recorded on site. o
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Tab. 5.5 Turning Movement Survey Shect

Name of Cbserver(s):

Date:
Day:

Weather: Dry [J Wet [

Movement No.: 1

Froni:
1112

__J “’@

\A V\___M_ 9
4— 8 From:

I | 7

From:

[FUIN

456
Froni:

No, of Vehicles by Type

Time Pass. 3-wheeler | Motorcycle | Minibus Bus Truck Large Farm

Car : : : Truck Vehicle

7:00 - 7:15

8:00 - 8:15

9:00 - 9:15

10:00-10:15

11:00 - 11:15

12:00 - 12:15

13:00 - 13:15

14:00 - 14:15

15:00 - 15:15

16:00 — 16:15

17:00 - 17:15

18:00 - 18:15
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Name of Recorder(s):
Location; :

Direction:

From:...oveieeens

Route Name:

Date:

Day:

Run:

* Junction
Name

Cumulative

Sect. Length (km)

Cumulative Travel

Special
Notes

Sect.

Time {min:sec)

Travel Time
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5.3.6 Traffic Survey Results & Analyses

Traffic survey results and their analyses are discussed below. For detailed traffic survey data,
refer to Annex I (Traffic Survey Data & Traffic Model Results).

1) Roadside OD Survey

The number of vehicles that were sampled and the sampling rates for the 16 OD survey points
illustrated in Fig. 5.3 are noted in Tab, 5.8, As Tab.5.8 indicates, the avérage sampling rate for
passenger vehicles was 13.5% and for freight vehicles 29.6%. The goal was to achieve a sam-
- pling rate of 10%. Although this was realized on average, it was not possible to achieve this at
all the sites due to reasons such as lack of police staff, bad weather, and difficulties in stop-
ping'vehiclcs at highly congested locations. However, except for the passenger vehicle OD
survey at Site 4, the sampling rates generally seem to be sufficient. |

Tab.5.8 OD Survey Sampling Rates (12 hours)

Site | Total No. of Pass. Samp}ing Rate for { Total No. of Fréight Sampling Rate

- Veh. Sampled " | Pass. Veh. Veh. Sampled | for Freight Veh,
1 © 1035 - 3.1% 742 . 11.5%
2 892 - 4.4% 324 9.5%
3 712 87% 489 26.9%
4 - 916 C22% 281 - 19.7%
5 1345 6.0% 438 47.5%
6 1345 8.0% 366 . 43.5%
7 830 . 3.1% 385 11.6%
'8 . 413 7.2% 255 15.0%
9 - 11 - 4.4% 142 12.8%
10 496 . 169% 428 29.3%
11 520 64% 423 15.3%
12 580 . 19.8% 485 21.3%
13 549 34.0% 458 25.6%
14 554 43.3% 169 100.0%
15 720 33.8% 572 68.5%
16 905 . 14.4% 549 34.1%
Average ) 13.5% | 29.6%
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Yehicle Trip Characleristics

IANAL REPORT

Passenger vehicle frips by purpose were categorized into 3 types: home-based work trips,

home-based other trips, and non-home-based trips. As Fig. 5.7 indicates, home-based other

trips accounted for the largest proportion of trips at approximately 4
work trips being next at 33% and non-home-based trips the smallest at
trips are included in home-based other Lrips.

4%, with home-based
23%. Note that school

44%

~Fig. 5.7 Vehicle Trip Composition by Purpdse

BHBWT
®IBOT

As for freight vehicle trips, excluding those trucks that were empty (36%), the most fertied

items according to those vehicles surveyed were construction materials (18%), industrial
products (17%), and processed food (12%). The propof!ion_of vehicles that were carrying oth-

er types of commodities totaled about 17%.

W Fish
O Liveslock
Elhduslriai

D Construct
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OAgri. Producls
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Fertilizer ~

Products

ion Materials
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As for total vehicle trip movements, Fig. 5.9 indicates that the vast majority of vehicles sur-
veyed (or 87.1%) traveled within the CMR. As for vehicle trips with one trip end oulside of
the CMR, these accounted for 12.6% of the vehicles surveyed, while only 0.4% of the vehi-

cles questioned werc through trips.

Fig.5.9 Outline of Vehicle Trip Movements

0 Both Trip Ends within
Study Area '

& 1Trip End Outside Study
Area

0 Both Trip Ends Outside

' Study Arca

Establishuent of OD fI: ables_

Daily OD tables for freight vehicles and for the above-mentioned lrips purposes for passenger

vehicles were prepared with the assistance of the University of Moratuwa’s Dept. of Civil

Engineering (Transportation Engineering Div.). The process used to construct daily OD tables

is shown in Fig. 5.10. The préscnt OD lable (all modes and all purposes) is shown in Tab.5.9.

12-hour Traffic Counts

1_2—h0ur ODs

3

12-hour OD Malrices by Site

Expansion Factors

A

Barrier Matrix ¢ Road Network

v

24-hour Bxpansibn ( 1.25)

v

Total Daily OD Matrix

' .Fig. 5.10 * Process for Building Daily OD Matrix
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2)  Traffic Yolume Survey

The composition of traffic, as determined by the traffic volume and roadside OD surveys, is
shown in Fig. 5.11. As the figure indicates, 58% of the vehicles on the road are private pas-
senger vehicles (i.e., cars and motorcycles), while 22% of vehicular traffic consists of buses
(regular buses and minibuses). Freight vehicles and 3-wheelers each accounts for about 10%
of total traffic.

10%

B Pass. Cars
44% - B 3-wheelers
o Motorcycles
O Bus

W Treck o

14%

10%

Fig. 5.11 Traffic Composition

Excluding buses and school vans, the average occupancy of the different vehicle classes is as
shown in Fig. 5.12. Eﬁ(ccpt for motorcycles, all the different vehicle types had an average oc-
cupancy greater than 2, with passenger cars havin-g the largest average value of 2,69 persons
per vehicle. Moto'rcycles'had an average occupancy of 1.30.

Motorcycle
B 3-Wheeler
.D'Pass, Van
O Truck

2.69

Fig; 5.12 | Average Vehiéle Occﬁpanéy (incl. driver)

As for the actual traffic volumes that were surveyed on site, they are as shown in Fig. 5.13

below.
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Fig. 5.13 Average Daily Traffic Volume on Major Arterials in Colombo

OUTER CIRCULAR HIGHWAY PAGE 5-24 JICA STUDY TEAM
10 THE CITY OF COLOMBO | - ommm, CONSULTANTS CO,LID.



FINAL REPORT

As Fig. 5.13 indicates, daily traffic flows on arterials near the center of the city are experi-
encing large volumes of traffic. On A3 at the point nearest Colombo, more than 59,000 vehi-
cles were surveyed coming and going to the city. Of the 34 locations that were surveyed, 5
experienced traffic flows greater than 40,000 vchicles per day and 7 flows greater than 30,000.
This indicates that portions of the road network are heavily used and experiencing congestion.

3) Bus Passenger Yolume Survey
Three important picces of information were derived from the bus passenger volume survey:

type of bus operation (intra-provincial or inter-provincial), bus capacity, and bus usage condi-
tions. Each of these is shown in the three figures below.

€1 Intra-Provincial
A Inter-Provincial

i Below 20 Seals
B 20 to 29 Seals
030 to 39 Seats
0 Over 40 Scats

33%

_ Fig.S.lS Bus Seating Capacity

QUTER CIRCULAR HIGHWAY PAGE 525 JICA STUDY TEAM
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o 2% 1% A%

13% Empty
Less than 1/2
O More than 1/2
O Full No Standers
R Full With Standers
Capacily

| B Capacity Overflow

" Fig. 5.16 Passenger Loads on Bus

In Fig. 5.14, it can be seen that the vast majority of buses observed (or 79%) opcrate within
the CMR (or Weslern Provmcc) Of these, only 1% had a seating capacnly of less than 20 seats,
while 38% had a capacity of more than 40 scats and 33% a capacuy belween 30 to 39 seats
(sec Fig. 5. 15) Thc other 28% of the buses observed had a seafing capacuy between 20 to 29

scats. As Fig 5.16 mdlcates, buses are used rather exlcnswely, with 53% of those obscrved
being full with no s[andcrs_ or at capacity or greater. If being _ablc to sit down is a criteria for
using a bus_,. then 8_2% of the buses observed would be unaltractive choices for travel.

4) '[llming Movement Survey

The purpose of the turning movement survcy for this sludy was solely for grasping the direc-
tiona! flows of traffic at important ]uncllons and not for obtaining data lo carry out detailed
analyses of intersection design. Refer to Annex 1 for detailed information on the directional
flows of intersections. R - o '

5) 'l‘ra\_fe_l Spéed S.ur'vey

According to thc travel speed survey rcsults, averagc travel speed on major traffic comdors in
Colombo is in the range of 30 to 35 km/h, dcpcndmg on the time of day and direction. In the
direction of Colombo, the morning peak has a minimum travel spccd of 28 km/h, which in-
creases to 34 km/h durmg the off-peak and dmps back down to 31 km/h in the evemng peak
(see Flg 5. 17) As for the direction away from Colombo, the morning peak has the highest
speed of 35 kmy/h, mdlcatmg that many commutlng tnps are in the opposite dll‘CCllOn This
drops 1o 30 km/h in the off-peak and rises to 33 km/h in the evcnmg peak (see Fig.s. 18)
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Fig. 5.17 Average Travel Speed on Major
Traffic Corridors to Colombo
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6) Bus Passenger Interview Survey |

N The main rcsults of the bus passenger interview survey are shown in figures 5.19, 5. 20 5.21,
" and 5.22 bclow As the first lwo figures indicate, the mode used most often to access and
egress a bus stop is walkmg at 50.6% and 62.4%, respectlvely The mode used next most often
is bus, meamng that people are perhaps riding. a bus from a mmor route to connect with
another bus that plics a major route Other modecs, such as car and rail, as connectors to bus -
transport arc insignificant in terms of use, m_d;catl_ng that the conccpt of park- -and-ride is not
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being practiced. It also seems to indicate that inter-modal transport does not yet exist on any
sort of large scale in Colombo. Another important result of the survey was that only 6.2% of
the bus users surveyed owned a car, indiba!ing that alimost all of the people who ride buses are
caplivé users. That is, they use the bus because they have no choice (see Fig. 5.21). For those
who own a car and vse a bus, they do so mainly because it is chcaper' (56.6%). Only 17.7%
said they use a bus because it is more convenient, while another 14.6% said they use a bus

because it is faster.

Bwak |
B Bike/M'bike
; [ Bus
42.3% g N s0.6%| O Rail
L _ i M Car/Van
29% o WiTaxi
L Fig. 5.19 Access Mode to Bus Stops
o L1% k
S@wak |
B Bike/M'bike
0] Bus
O Rail
M CarfVan
B W/Taxi
Fig. 5.20 Lgress M ode from Bus Stops o
_Bus Users with a“Car _
M Bus Users *;\.;ilhoui a-C.z-lr
93.8%
Fig. 5.21 Car Owhefshfp for Bus Users
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11.1%

€l Cheaper

Faster

1 More Convenient
a A_EI of the Above

17.7%

14.6%

~ Fig. 5.22 Reasons for Car Owners Using Bus

54 Building of Traffic Demand Model
5.4.1 Forecasting Methodology

- The traffic demand model employed the traditional 4-step estimation method contained in the
JICA STRADA (System for Traffic Demand Analysis) package, which consists of the steps of
lrip generatnon/attracnon teip distribution, modal split, and traffic assignment, to calculate the
traffic demand for thc CMR and OCH. The forecast years for this study were 2010 and 2020.

“An outline of the basic structure for forecasting traffic is shown in Fig. 5.23. Note that this
proccss was applied only to the estimation of trips that occurred within the CMR. For trips
that begin or end outside of the CMR, calculations were carried out using a simple projection
method, As for through trips, since they were insignificant in terms of overall volume they

were not laken in_ld consideration (see Fig. 5.9).
| 5..4..2 Outliné of Traffic Model Data and Developmeﬁt
The s'trudy' aﬁ;,la Cfohsiste(_j of tﬁc Weslefn Province (or CMR) an_d was divided into 31 zones as
shown in Fig.5.24. The traffic demand model for this area incorporated only the arterial road

- network. That is, the rallway network was not taken into consideration in this study, based on
the assumpnon that modal shares would remain stable. Below, an outline of each of the steps

- of the traffic demand model, as well as thc development of the model itself, for determining

thc dcmand for lhlS network is described.
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Collect Existing Collect Socioeconomic Coltect Existing Data | |
Traffic Survey Data Data on Road Conditions Forecast Sociceconomic &
o nd pooyp] Land-use Data & Detenmine
l Road Network for 2010 &
......... . S 2020
Build Sociocconomic Build Zoning Build Road ]
Framework System Network
Exccute Traffic Survey | ) ¢
e STRADA | Model............,
Construet Trip
Generation Model
Construct Trip Y
Distribution Model e » Input OCH network into
* . .| Traffic Demand Model
Construct Modal Split
Mode! '
Construct Traffic
3]
Assignment Model § Calculate Demand for
ey s e §=',‘ Future Road Network
l b
Calibrate Model by Simulating Trip
Making for Curcent Road Network
l Test Different Scenarios for
. OCH
Carry out Validity Check by
Comparing Model [lows, Speeds,
elc. with Observed Ones
¢ ‘ Sclect Most Preferred
Finalize Model for Current Year Scenario Based on Feasibility
Fig. 523 Process for Forecasting Future Traffic Demand
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Trip Generation/Affraction

In order to model trip generation/attraction, it is necessary to use frip conlrol totals to ensure
that realistic estimates of future traffic demand are obtained. Below, the process for eslimating
the trip control total and trip generation/attraction values is described.

1) ’l‘rlp Control Totals

Trip control totals for the CMR were established using the relationship of *vehicles per capita’
" and ‘vehicles generated’ per zone. Bascd on the traffic survey and sociocconomic data gath-
ered in Colombo, it was assumed that the number of trips per vehicle will decrease as the
number of vehicles increases as a result of less mlense usage. This resulted in the derivation of
.~ the control totals shown in Tab. 5 10. As this table :nd1cates annuat growth in vehicular trips
_ will be about 7.37% until the year 2005 and then drop to 4.34% and 3.32% for the periods of
2005 to 2010 and 2010 to 2020, respectwely

" Tab.5.10 Total Future Daily Trrps for the CMR -

Year : . Daily Tl‘]pS (Control Totals)
1999 . Co 289,100
2005 o 443,000
010 548,000
2020 0 0 o 759,000

2) Zonal Trip Gener_ationlAttrziction -

In order to model vehrcle trlp generauon and atlractron the CMR was d1v1ded mto 31 zones as -
~ shown in Prg 5.24. This division was based on administrative boundarles Then the correla-

tion between various socroeconomle factors and Vehlcle trip generatlon/attractron by vehicle

type and tnp purpose were checked and models constructed The socioeconomic factors that
were considered for tnp generatlonjattractlon modelmg consrsted of employment populahon =
vehicle ownershlp, and income. Calculatrons of socroeconormc factors are described in
Chapter 4, The vehtcle types consrdered were cars, 3-wheelers motorcycles, buses, and trucks.

‘As for trip iypes, these consrsted of home-based wortk trips, home-based other trips, and non«

* home-based trips. The calibrated models pr0v1ded dally (24 hour) trip generatron/altractron
flgures for a typical weekday ' -

As for trips with a trip end o'utside of the CMR, it was assumed that the share of thesetrip's
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would remain the same in relation to total trip making in the CMR and that they would grow
in proportion to increases in the number of total CMR trips.

- Trip. Distribution

“Trip distribution simulates the travel patterns of urban travel by applying the concept of case
of travel. Ease of, or deterrence to, travel is usually defined cither in terms of cost, time, or
distance. In congested urban areas, time or cost is usuélly uscd, since distance is not an accu-
rate reprcsenlauon of aclual travel. On the other hand, in this study, zonal distance was applled
based on the fact that Colombo has relatively high average travel speeds.

The inptnls for trip distribution are the trip cnds determined from the roadside OD sur\fey and
the actual travel distance between zones. The key outputs are the observed distribution lcngths
by vehicle lypc and trip purpose, which are used to calibrate the distribution model logether
with screen line data.

Trip distribution models were conslructed for the 11 types of trips described above (i.c., bus
Inps truck mps, and home-based work, home-based other, and non- -home-based tnps for pas-
senger cars, motorcycles, and 3- whcclers) '

Modal Split
- The purposc ‘of a modal spht modcl is to snmulale the selccllon proccss lha{ lravelcrs 2o
through in choosing a mode of transport by which to travel. In this study, it was decided that a
modal spht model would not be consirucied for the following reasons:
oD Morc lh'ln 93% of bus nders are capllvc users (i.c., they d0 not possess a car)
and are unable 10 switch to pnvate [ransport (see Fig. 5.21). In adchllon, the
qurrent low lcvcls of service Oﬂ buses dlscouragc pnvatc vehicle owners from
using a bus That is, there is no ‘realistic choice between private. transport and
: 'buses Travelers fau:d with the chmcc of either lravc}mg by car/motorcyclc or
bus will almost always choosc the former.. -

~2) Trips by rail, accordmg to reccnt csllmatcs, account for only about 5% of the
total person mps madc in thc CMR ' |

'_ leen thc above, lt was dec:ded not to conslruct a modal sphl model. As a result of this decn-
o s:on, modal spht follows automatlcally from the Inp gencratmn and auracuon slage
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Traffic Assignment

Traffic assignment is the last stage of the traffic demand model and produces outputs (such as
vehicle-km, vehicle-hours, travel speed, and congestion rates) that are used to assist in the
evaluation of the feasibility of the OCH. In this study, the incremental traffic assignment
model was applied because of its ease in checking route and link assignine_ms. In this model,
the principle of equal travel times is used. That is, traffic will swilch to another route with
shorter travel times and this process continues until there are no alternatives. Here, the calcu-
lation of travel time is important. To calculate travel time, the following information for the
different types of road links is required: capacity, design specd and speed-flow (QV) func-
lions.

Three parameters that greatly affect the design Spécd and capacity of a road are geometry, ter-
rain, and land use. Information on road capacity and desigh spéed by road class (which is an
expression of highway geometry), terrain, and land use was obtained from the RDA Desngn
‘Standard. This information, along with design information from Japan used as a reference,
“was the major factor for sclting the maximum daily des1gn capacity for the cx1slmg links of
lhc road network (see Tab.5.11). Capacity was then adjustcd as necessary for narrowness us-
mg an adjustment factor from the American nghway Capacity Manuat. As for design speed,
it was determincd instead that free flow speed would give a more accurate rcprescntallon of
travel on the network from a modelmg point of vicew. Free flow speed was derwed by rcfer- .
ring to the CUTS survey and to this study’s traffic survcy As for the CKE and New Kandy
cxpressways and the OCH and Southein nghway, since Sri Lanka has no cxpenence with lhls

grade of road, Japanese standards were referred to m selting capacnty and lane wndth

Tah. 5.11 Dall Design Capamty and f'ree Flow Speeds for Road Nelwork Lmks

[‘ypc of Road _ ,'[I.gf: :IEE Land Use E ?)d;;;::gggi::; Lane Width Free gz:}’h?p ced
2lancAChss | Phin Subu}:;?,‘;ml o o2sp0 | o3a0 . b—22

. - - rban - e ‘ :
4 Lanc A Class - | Plain Subut{):n[Rural ' 50,(_)00 | ) -“3-.’]0 - :[5) :
2LancBClass | Plain S.uBulr}b;:;;lRu;a.l 2000 | a0 - 2{5)
4 Lane B Class _;Elalin Suéulr}b;:s/r;{utal s 40,060 o370 i_—g%w—ﬁ
s (CKE, Now [ pin | subwban | 72000 0 | 350 | %o
octtitmes | gy | s |20 [y | @
i:;f:s[ﬂw;lfﬁ zﬁzoRal; Pta,iim " Suburban - - 52,400 - 350 -' o :60
*Since the CMR is mostly flat, only the tercain i)'pe plain was gongidcrcd : . e
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As for selecting appropriate QV functions for the above road types, it was decided that those
shown in figures 5.25, 5.26, and 5.27 would be used for existing roads, the OCH, and the
CKE/New Kandy éxprcssways, respectively. The logic behind this sclection is basically that
higher grade roads are able to sustain higher speeds at larger volumes, As for the differcnce
between the expressways and the OCH and Southern Highway, since the former is a full-
controlled facility, it is possible to close entrances to traffic when levels of service decrease to
unacceplable levels. '

15Q
: 4 V 01 V,,m
) ' Plg 5.2b QV for Ex1stmg Roads

. e VI—O lkvmax' V2 0 3 Vr]ax |
- Fig. 5.26 QV for OCH and Southern nghway

Vma(-

}
)
!
]
3

Q__ ”-;'Q

C V=037V,
: I'Ig b. 27 QV for CKE and New Kandy Expressway
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“Finally, the mix of traffic is one other item that has to be taken into account in traffic assign-
ment. This is usually handled by converting traffic into passenger car units (PCUs). It was
decided to use the PCU standard established by the University of Moratuwa, which is based
on Sri Lankan data, in order to suf[icicntly take into account locat conditions. It should be
mentioned that a weighted average for buses and trucks was used in the assignnent model
because of the different types that exist. An extract from the standard is shown in Tab.5.12 for
those vehicles seen most commonly in Colombo, '

Tab. 5.12 PCU Values by Vehicle Type (excluding hilly ter ram)

Type of Vehicle PCU
Passenger Car ' - 100
© 3-Wheeler - 075
Molorcycle = . . : 0.50
- Minibus, Bus (lwo door) ' 1.60, 2.40
Light Truck, Mcdium Truck - ' - 1.50,2.00

Note ; Extract from Univ. of Moratuwa s!_andald_
5.4.3 Txip GcncrationlAtt_ract_ion Model

The results of thc trip gcnerauon/atlracuon modeling, Wh]Ch was camed out usmg rcgressmn
analysrs are shown in Tab.5.13 and Tab. 5. 14 '

Tab. 5.13 Vehicle Trip Generation Models

B Trip Type _Variable R?

1. Car Home-Based Work Trip ' _ Célr_s_/cépita : - 0.82 .
Car Home-Based Olh'cr'Trip : Ditlo . 087
Car Non-Home-Based Tri[:.). B 7 Ditte ). 085

2. Three-Wheeler Home-Based Work Trip . Carsfcapita - 079
Three-Wheeler Home-Based Other Trip ' Ditte . _ o 0.88
Three-Wheeler Non-Home-Based Trip -~ Dito 0.86

3. Motorcycle Home-Based Work Trip ~ Carsfcapita : - 0.89
Motorcycle Home-Based Other Tfip - _'Diltb_ 090
Motorcycle Non-Home-Based Trip _° Ditto . . - 0.86

4, Bus Trip S - * Population 0.70

5. Truck Trip | Carsfcapita | - 0.87

OQUTER CIRCULAR IHGHIWAY - PAGE 5-36 S B - JICA STUDY TEAM
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" Tab. 5.14  Vehicle Tnp Attraction Models

- Trip Type . Variable : R? B
1. Car Home-Based Work Trip - | - No.of Employed 0.55
- Car Home-Based Other Trip S -~ Population - 0.68
- Car Non-Home-Based Trip - = - : Population 0.58 -
2. Three-Wheeler Home-Based Work Trip No. of Employed 0.55
- Three- thclcr Home-Based Other 'lnp_ ~ Population 0.51
" Three-Wheeler Non-1ome-Based ’lrlp | Populotion | | 064
Motorcyclc Homc Based Work Trip ' '_ No. of Employcd | O".53
' Motorcyclc Homc B‘\SCd Other ’[‘rlp _ i Population | - 041
’ Motorcyclc Non-Ilome-Based 'lnp ) o Populatlon 7 - 0.65
4. Bus Trips N * Population 0.64
5. Truck Trips ] Population 070 -

_ As Tab. 5.13 indica'l.cs' the \'(c'h'i\clc teip geocfallon' models suff-icilenlly!éxplaln’ lrio )ﬁlaking
with an average R2 (e, coefﬁcnent of dctenmnauon) of 0.84. As for the vehicle attraction -
modols, all of lhem have a lower R2 when compared to thc trip gencrauon modcls, havmg an

--avcragc R? of O 58 T hlS is lhe case actually in many transportatlon slud1cs, as trip attraction is

© usually morc dnfflcull lo modcl Fmally, although dlffercnt sociocconomic factors were

'.checked it was dlscovcrcd lhat cars/caplta (whlch is a proxy for mcomc), no. of employed

and pOpuldllOﬂ produccd the most valld models in terms of loglc and slatistical soundncss

544 "Trip Distribtnlion Modcl_ .

The typc of inp dlslnbutlon mo(lel choscn for this sludy is the wrdely appllcd gravnty modcl
(Voorhccs type) and is as follows '

ZU.lf(dlt) S .
' thrc : , : S
- Ty= vehicle inps generated
U;= vehlclc trips aflracied
d; = dlslancc belween ZONes

f(d ) = funcuon cxprt,ssmg the travel 1mpcdance bclween zones in terms of distance
Cof(dg) =d;t ' ' '
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Vehicle trip distribution models were constructed using trip and vebicle type data. The desired
line chart for all trip types is shown in Fig.5.28. As this figure indicates, the largest number of
trips that is made is between Nugegoda and Colombo, Kelaniya and Colombo, Wattala and
Colombo, and Kaduwella and Colombo. As for orbital types of trips, they ate almost nonex-
istent and the vast majority of lrips are radial in nature, ‘with Colombo being the center of ac-
tivity, - ‘

As Tab. 5 15 indicates below, lhe mp dlstnbuuon models are capable of s:mulalmg lhc actual
dlSHlbllllOl] of trips quite well. That is, the R*wasan average of 0.89 and, except for two of the
models, all of them had a R2 greater than 0.80. This means that on average the models were
‘capable of explaining more ihan 80% of the variation in lnp makmg The models werc eah—
brated takmg into consideration the followmg three faclors:

(1) observed average Inp length _

- (2) the number of daily screen ]me trips (see Flg 5. 29), and

(3) the dally number of cordon lme lnps at the Westem Provmcial Bout_ldary. _

The (hta for lhcse factors were obtamed in lhe traffic surveys prewously menlloned as well as
from data supplled b) the RDA. As for the screen line and cordon lme lhe Kelam River was
"~ used as a screen line and the boundary of the Western Provmce asa cordon line. The cahbrat-
ed trip distribution models were then used for denvmg the future oD matrlces for the years
2010 and 2020 (see Tab. 5. 16 and 5. 17 for the all purpose all vehicle lype OD) ‘

'lab 5.15 Vehlcle ﬁ'lp Dlsmbutlon Model Results

Trip Type ' Estlmated | - Corretation
5 ' ' Parameter Cocff101ent
Home-Based \Vbruk'i'rfp" | 08 097
Passenger car Home-Based Other Trip 06 094
Non-Home-Based Trip -(0.8 0.97
Home-Based Work Trip | -09 | : 0.76
3-Wheelers _Home-Based Olher;Trip" 10 | 095
Non-Home-Based Trip 31 | 096
" Home-Based Work Trip 07 | . 092 .
Motorcycle - Home-Based Other Trip ol 090
| | Non-HomeBasedTrip | = -06 | . 095"
Truck - oo a4 | 080
| Bus_ L 06 - 073
QUTER CIRCULAR HIGHWAY PAGE 5-38 - Corned JICA STUDY TEAM
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LEGEND

Seate fom = 60000 T~

. Note: 24-hour vehidle 'ﬂ'ows, excludes
* interzonal flows of less tham
1000 vpd

Fig. 528 Desired Line Chart for the CMR
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North of Kelani River

A

Sexeen Line

(Kelani River)

57400 veh/day

57800 vehfday

South ef Kelani River

Ol)sei;vetl_/ Modeled  North of Kelani River : 1.023
' '  South of Kelani River : 1. 076
an 5.29 Average Daily Traffic Volume at Screen Line (1999)

5.4.5 Mod'al S-plit Model

A modal spht model was ot devcloped for the r¢asons prewously given in the section on
Modal Splll in5.4.2. : : :

5.4.6 'l‘rafﬁc Assignment Maodel

The validity and calibration of the traffic assignmehl model was ezirri_ed out comparing mod-_'
cled and observed daily traffic flows al sites where traffic volume counts were execuled (sce
Tab, 5.18), except for those sites with traffic flows of less than 10, 000 vehicles per day (Refer
to IFig. 5.3 for sile locallons) ‘

ZA_S Tab. 5.18 indicates, the average deviation _bet\ikeen estimaled and ol:_).ser"ied' flows is about
15%, which is acceptable from the slralegie level of analysis that is being carried out for this
study. Excepl for Site 29, the modeled and observed lraftic ﬂows for cach sne are gencrally
~ acceptable. However, n should be noted that modeled ﬂows are on average about 15% less
 than actual flows. . .

'. In terms of modcled and observed spccd ﬂows, modeled speed ﬂows for all 8 of the majorf
-~ corridors in Colombo fall within the range of actual speeds observed (see’l b 5. 19) Observed -

.OUTERCIRCULARH!GHIMY : . PAGES-42 . . . R JICASTUDYTEAM
TO THE CITY OF COLOMBO - o L _ OR]ENL'fIL CONSULIHNTS CO L.



- FINAL REPQRYT

average daily speed for all of the corridors was 32.7 km/h as comparced to the modeled avera-
ge of 33.6 km/h. Indicating that the traffic assignment model simulated overall traffic specds

satisfactorily.

Tab.5.18 Comparison of Model Esfimates with Observed Traffic Volumes

Site Model Total Observed Model/Observed
. (Vehicle) (Vchicle) '
1 52200 60000 0.87
2 - 37900 41800 091
23 - 9700 - 14900 0.65
4 39200 54500 0.72
5 28500 32200 089
6 20300 200600 - 099
7 - 34700 49200 0
8 25500 30000 0.85
-9 21500 24300 0.88
11 16100 17000 095
13 7100 11000 - 0.65
16 12300 16000 - - 0.77
17 14100 12900 1.09
19 46800 48100 097
20 o 31500 - 26400 1,19
oo 21 - 16800 - - 16300 . + 1.03
23 9000 . 10200 0.88
26 19900 - 24000 - 0.83
27 9200 11700 0.79
28 - - 13400 11500 1.17
29 . .| . 10100 . 21000 - 048
30 5400 14100 0.38
31 16200 21300 0.76
. 34 17600 16800 1.05
Average SR Lo - 0.852
i- . Tab. 5.19 ~ Comparison of Obscrved and Modeled Travel Speeds
- Route Line Observed Daily Travel Speed | Modeled Daily Travel Speed
- ... . |.. Range o Average - Average -
S AL - 293-39.0 344 - - 35.7
A4 18.8-32.9 - 275 - 321
CAl104, A0 20.3-38.3 306 - - 340
A3 29.8-46.5 383 40.3
o A2 e 1278372 - 331 - 36.6
B B84 {0 254-39.8 300 25.5 N
- B214 28.3-385 | - 326 315
All0 - 31.5-40.3 353 32.8
CUTER CIRCULAR HIGHAY - JICA STUDY TEAM
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5.5 Futore Traffic Demand

By applying the calibrated traffic assignment model above, forecasts for 2010 and 2020 are
~ carried out after inputting the future road network for the target ycars of 2010 and 2020.

550 Future Road Network Improvemén&

To calculate fulure traffic demand for the OCH, it is impcr'rlivc to consider future road con-
struction and improvements. Thcsc are shown in Fig. 5.30. E xccpt for the New Kandy Ex-
pressway, the new Ratnapura Road and the northward exlensron from the airport (completion
to be 2(}20) itis assumcd that all road rmprovcmenls and construclron schemes will be com-
plctcd by the ycar 2010 ' ' '

1) New Road Construction
The new road construction considered in the model is as follows:

(1) The Northeast Highway td Kandy: This route worrld irrrprdvc access to the north (in-
cluding Kandy) and east of the country and reduce congeslron on Route Al and A‘i
Its tcrmmus in Colombo would be the northem cnlmncc to the Base]mc Road.

(2) The Southeast 'I-lighway lo Ralnaprrra'r 'l‘his roule \yould connect the southern par'l of
the Bascline road with Ralnapura and provrdc more access lo areas rn the outer sub-
urbs of CMR to the core of the city. '

(3)The Kalunayakc Expressway: This_ alignmcnt wo‘-urld be a flrlly;ccntrollcd 10_" _road
that would connect the City of Colombo with the cily’s internaliohal airport. The in-
tention ijs to provide rcliab_lc,_'limcly _Sérvice for lrgrvelers goir_rg to/from the airporl. -

(4)'1 hc Bascllnc Road E‘ctcnsron 'lhls would cxtend {he Basclmc Road from its current
- southern tcrmmus of Kirillapone stralg,ht to Altldlya in lhe south (or about 5.5 km),
which would then extend down to Gallc Road viaan cmslmg road '

(5)The K'rlunay"rkc Padenlya Hrghway This would furlher rmprovc access. {0 thc arrport
and extends north beyond thc boundary of thc CMR to Pademya in lhe North Wcst '
Provmcc

OQUTER CIRCULAR HIGHWAY . PAGE 5-44 - ' e CHCA STUDY TEAM
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Colombo Metropolitan Region

TN
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' . Legend '
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Jika
K\m\hm Proposed Katunayake
‘ \ Express Way
Welsers Proposed Southern
Hcmk?‘;'\t‘i'a Transport Corridor
cliyrgada S
Or g:‘:::ts; K501 Proposed Highways

. ) - Improved High
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Harwela .
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l R
Agalawalia -

. Matzgama
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Fig. 530 Future Road Improvement & Construction
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New Road Improvements

Future road improvements for the CMR focus on improving the capacity of nine existing cor-
ridors to improve speeds to around 30-40 km/h. The total length of these corridors is 180 km
and they would have as one of their main purposes the disiribution of inter-regional traffic to
the area of the Colombo Metropotitan Council and its suburbs. These nine corridors and the

sections to be improved, as well as their length, are indicated in Tab. 5.18 below.

'ab. 5.20 High Mobility Corridors

Name of Corridor Laocation of Sect. Length of  Sect.

- for Improvenient Improvement
Roule Al Up to Kadawatha interchange with 18 km
(Colombo- Kandy Rd) North-South Highway. -
Route A2 Up to Panadura 28km
{Colombo-Galle- Hambanlota—\‘.’ellawaya Rd)
Route A3 (Peliyagoda-Putialam Road) Up to Ja-El interchange wuh Norlh- 20 km

: South Highway. :

Route A4 . Up to Kollawa 1nterchange with - 22km
(Colombo- Ralnapura-Wellawaya -Ballicaloa Rd) | North-South Highway. : :
Routc B84 Up to Polgasowita interchange with 20 km
(Colombo-Horana Rd) North-South Highway. S
Route A110 : Up to Kaduwela interchange with . 15km
{Colombo-Hanwella Rd) North-South Highway :
Route A0 Up to Talangama interchange with 15 km
{Kolupitiya-Sri J ayawardena Pura Rd) Noith-South Hi ghway
Route A8 Up to lngma 34 km
(Panadura-Nambapana-Ratnapura Rd) '
Baseline Road Improved lo dual 3-lane carriageway. 8 km
‘Total ' 180 km

Source: Based on data from Urban _DeveIOpmenl Aulhorily, Colombo Metropolitan Structural Plan, Vol. 11, 1998.

5.5,2 Traffic Demand Forecasts for 2010 & 2020

-

In addition to the futurc road improvements and conslruction mentioned in the previous sec-
tion, 9 different posmble allgnments for the OCH were examined for pOSSIble incorporation
into the future road network, which were decided in consultatlon with the RDA (sec Chapter
8). Here, only the traffic demand forecast for the allgnmcnt that was selccted as the most |
preferred route is taken up and examined for the future years of 2010 and 2020 in comparison
- to the case of no OCH being built. A companson of the present situation w1th and without the
existence of the OCH is also done for the purposes of reference.

In tables 5 21 to 5.23, the traffic mdlccs of vehlclc-kllometers vchlclc hours, averagc area
congestion, and average area 3peed are used to assess the lmpact of the OCH on the CMR

JICA STUDY TEAM
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'Tab. 5,21 - Comparison Traffic Impact with and without the OCH for 1999

oo FINAL REPORT

) Daily Veh-km Daily Veh-hrs Daily Average Daily Average
For CMR {mil) for CMR(mil) [  VCR Speed
Without OCH 8.99 0.26 0.47 327
~ With OCH 8.92 0.26 0.41 34.7
Ratio of o Y oy -
with/without - 0.99 1.00 0.87 1.06

Tab. 5.22 Cmnparisdn"l‘rafﬁc Impact with and without the OCH for 2010

Daily Veh-km Daily Veh-hts |  Daily Average Daily Average
o for CMR (mil}) for CMR (mil) | VCR Speed
Without OCIHI - 19.69 0.71 0.83 © 217
- With OCH ©19.57 0.65 " 0.73 S 303
" Ratioof \ 5 g
wilh/without 0.99 092 0.88 1.09

Tab. 5.23 "Cmnparisori Tra

ffic Irﬁpact with and without the OCH for 2020

. Daily Véh-_km ‘ Daily Yeh-hrs © | Daily Avcfagc ~ Daily Average
) fos CMR (mil) | _for CMR (mil) VCR -  Speed
Without OCH . 301 - 1.20 - 1.06 2572
With OCH 2940 1.04 092 284
Ratic of R L S o
: < 098 0.87 0.87 1.13
with/without e ' Celd

The conclusions that can be dfawn from the coﬁstruéiioh of the OCH based on the above la-
bles are as follows: . : : - - : '
1) The lmpact of lhe OCH becomcs larger as time passcs by in the year 2020, the
. construction of thc OCH wo_uld result in daily area speeds being 1.13 times faster as
- compared to only 1.06 times faé_&cr if the OCH was in existence today. - In the year
. 2010 the construction of the OCH would result in avcragé area travel spceds being
109 times faster. S , | LT
2) The reduction i in dlslancc iravclcd on the road network wnlh the mlroducllon of the
OCH is shght ln the ycar 2010 it is a small l% and would reach 2.4% in the year
2020 mdlcatmg an increasc in the number of orbital trips.
hlcle-hours wouId be 11% and 13% less in the years 2010 and 2020, rcspectlvely,

On the other hand, ve-

as comparcd to lhe case of there being no OCH.
3) The difference i in ‘lClllal area travel speeds with and without the OCH is 2.7 km/h in
2010 and 3.2 km/h in 2020. lhcse are substantial differences in speed for an uz-

" ban arca, -
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4} Arca wide congcshon with thc OCH would be about 12% less as compared (o
© without, '

The above clc*nrly mdlcatcs thal the OCH would be a feasible proposmon from thc perspective
of the impact that it would have on arca- -wide traffic. As for the traffic demand on the OCH
itsclf, estimates by this study indicate that the OCII would be a hlghly traveled facthty For
example, in the year 2010, a daily total of about 91,000 vehicles would use the OCH, while in
2020 this total would be about 142, 000 Véhic]es per day. The average traffic flow for a 'seclion
of road on the OCH would bc about "»7 000 pcus in 2010 and 45, 100 peus in 2020.  Given
these lra[llc volumes, it is suggcsied that the OCH be conslruclcd mmally asa 4 lane facility.
The most co:1gesled parts of the OCH would be located in the middle of this rmg road and the
least congcsted paits at the tail ends. However, as shown in Fig.5.31 for 2010, the northern tail
end woul(l have a much higher traffic volume (34 500 pcus) as compared to the southern tail
- end (19,200 pcus).

In the ycar 2020, pcus flows indfcatc that the entirc middle portion of the OCH is over capac-
ity. Although a 4-lanc OCH facility is sufficicnt to handle the required lrafflc flows in the year
2010, improvements to ‘the OCH will be necessary to handle the traffic generated in the year
2020. F‘;ccpt for the southern tail cnd of the OCH, it is suggcsted that the OCH be madc -
into a 6-lanc f'icmty for the year 2020. Although traffic on the northern tail end and on the
seclion between A8 and the Southern nghway can be handled by a 4-lane slructurc it would '
“be better from a network point of view to make these 2 sections into 6- lane s{ruclurcs as well.
That is, because the northemn tail end would connect the mlpor{am CKE with the 6-lane por-
tion of the OQCH, which intersects the busy I\adawala _are_a, it would be in the long run strale-
gically better for the northern tail end to become a G-lane faciliiy. In the,casé of the OCH
portion between A8 and the Southern Highway, it is quite short in length (less than 1 km) and
it \vould be rather pointless (o ohly retain this sectioﬁ of the OCH straighta{vay as a 4- lane
structure,  As for the southern tail end of the OCH ils traftic dcmand of 28, 200 peus requires
that it remain as a 4-lane struclurc '

“Given the abovc it can be sald that lhe OCH is v1ablc and nccessary for the Colombo Metro
chlon . o : o
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CHAPTER 6 ENGINEERING SURVEY

6.1  Aerial Photograph Survey

Only the Survey Department of Sri Lanka is to be allowed to carry out the aerial photograph survey
in Sri Lanka. There are no private firms capable for carrying out this survey. The aerial coverage is
approximately 40km in length and 10km in width and consists of about 545km?  OF these 545km’,
ﬂpproxlmately 30% have been carried out by the Southern Transport Corridor Project. The new
acrial photographs which have been taken by the Survey Department, have been applied for further
processing such as photo mosaics with a scale of 1/20,000, topographic mapping, and cte.,

6.1.1 Air Survey

1)  Study Area
The Study area is in the Colombo Metropolltan Region(CMR) which is representalne
of the Western Province and consists of the three administrative districts of Gampabha,

- Colombo and Kalutara. Tota! (approx. arca : 545km?)

2) Ffight Period
Ael_‘ial Photograph survey has been carried out in February ,1999.

3) Fl1ght Spcciﬁcatlon
The fright specification to be applied for the aerial photograph is as follows:
(1) Aircraft
- Aircraft : Ceisna 441C
- Camera: WILDRC20
- Lens: 15/4UAG-F ; forcal length : 153mm
- Filter : 450mm '
- Film: Agfa Pan 200 PEI
(2) Specnﬁcatlon
- I‘hght Altitude : 3 ODOm(M S. L)
. 'Photography Scale : 1: 20,000 .
- Fllght Courscs 8 lines (Southern nghway Project 6 lmes) Total 14lines
- Overlap : 60 %
- *Side lap: 30%
_ Crab : less than 10 degrees
- Tip & Tilt : less than S degrees

OUTER CIRCULAR HIGHWAY - PAGEG6-1 . JICASTUDY TEAM
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Arca Coverage : approx.377km? (Southern Transport Corridor Project:168km’)
Total 545km?
The orientation map of acrial photograph is shown in Figure-6.1

4) Photo Processing
The photo processing has been carried out in the photo labomtory of the Survey Department
and the photo processing equipment is shown as follows:
Film Processor : Agfa Graviton 66
Developer : Agfa G74C _
Contact Printer : KG 30 printer -
Picture Size : 23X 23cm

5) Digital l’hotogmph Mosaic (Operation in Japan)
The acrial photographs were taken back to J'ipan for further proccssmg upon the
obtaining approval from the Mlmstry of Defense. The aerial photographs were digitized
by scanning and were compiled as photograph mosaic data in the following manner :
(1) Scanning and digitalization of aerial photographs o |
_ The acrial photographs are scanned with resolution of 800 dpi.
(2) Digital Mosaic B |
' Drgltal photograph data are retrreved and shown on screen, and the photograph nmges are
connected one by one., '
3 .Complhtlon and Original Mosaic
Mosaic sheels are arrangcd accordmg to the index map, MHJOI’ roads and rivers are
annotated on the monitor as orlgmal mosaic data Original mosaic data arc compiled by
- providing rmrgmal mformatlon such as photograph mosaic scale sheet number, adjoining
_ ~sheet map and north direction. '
(4) Oulpul '
Final résults are produced by hser plottcr at 800 dpi. resolution
(5) Main qupmcnt to be used
Software : ER Mapper 5.2
Scanuer : UMAX ; Mirage II, CPU; Pentmm 150, Hard drsk 2.5GB
Computer CPU ; Pentium 233(RAM 64 MB) Hard dlSk 6 GB
_ Laser Plotter : Lrghtjet 5000

6. 1 2 Creatron of Dlgltal Photo Mosalcs for Routc Selectlon
In order to oxamme and deter mme concrete routes, plewous aerial photos wele usod to creato

photo mosalcs Co]om tone var 1atlons botwcen photos were conected, and the photo -mosaics were

. OUTER CIRCULAR HIGHWAY .~ _ PAGE 6-3 _ J!CA STUDY TEAM
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digitised in order to optimise them for route selection.
The digital photo-mosaics created were as follows:
¥ Scale of 1:20,000 . ~ lset
*  Scale of 1:120,000 . iset
T'he planned routes were represented on the 1:20,000-scale digital phote-mosaic. The necessary

geographic names were indicated on the 1:120,000-scale digital photo-mosaic. -

6.1.3  Ground Survey _
The ground survey consisted of photo control survey, levelling, cross sectwn survey and field survey,

and was conducted in accordance with the following work quantities and specifications:

*  Photo control survey
Work quantity: 16 points o S , R
~ Specifications: Method =~ - Static relative po's'itioning 1ising GPS
Equipment used Smgle- or dual- frequency GPS receivers
. Observation time - A mlmmum of 1 hour
Number of observed satellites © .
_ ‘A minimum of 4 satellites _ '
Others - Linked to other control points | -
* Levellmg .

Work quantityﬁ 94 km (mstallatlon of 10 bench malks) . o
‘Specifications: _Method - -~ Jdunction or 1ec1procal obselvatlons -
- . hqmpment used g Auto level o |
Obse1 vation dlstance Less than SOm ' ; 4
Intewai between puckmg pomts - o
200 ~ 400m

Closing error. . 50mm JS(S Route length in km)

*  Cross section swrvey _ _
Work qu‘mtlty 3 sectlons (Kelam Ganga)
-3 sectlons (Bolgoda G"lllg‘l)

Specifications: Ploltmg scale "H=1 500 V“ l 200
*  Field survey
Work quémtity: 50 km®
JICA STUDY TEAM . PAGE 6-4 - oo - QUTER CIRCULAR HIGHWAY - .
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@D Photo Control Survey

The control points necessary for aerial triangulation and plotting were selected and pricked
on the aerial photos. Piles were installed in the ficld. :

After installing piles at each control point, GPS observations with 5 satellites were

conducted for at least 1 hour using 5 GPS receivers.

@ Levelling -

Levelling routes were demded based on aeual photos and field reconnaissance, and new
bench ma;ks were mstqlled at the necessary pomts Levellmg was conducted along the
routes planned, based on existing bench marks. Pricking locations were chosen at clear
Jandmarks on the aerial photos. Then, the clevations of control points located on or near the

planned routes were measured..

@ Cross Section Survey

The river cross section survey was conducted for a total of 6 sections in 2 areas. GPS control

].Joi'nts and newly cstablished bench marks were used as standards for horizontal positions
“and vertical pbsitions l'espéctiveiy The cross section Sui‘vey necessarily included the

observation of critical points (change of slope). The acquired digital data were plotted

{represented) at the spcmﬁcd scale using computer software.

@ Field Survey - -

Inforinatioﬁ ncceséary for the representation of topography but not obtainable by photo-
" interpretation were identiﬁedrin the field, and the results were indicaicd on the phetos in

view of digital plotting and (ligital compilation operations. Administrative names and

boundaries were decided based on the collected 1:50,000 and 1:10,000 topographic maps.
6.1.4 Photogrammetry
@  Acrial Photogrammetry

Aer 1ai photogrammetry entalled determining pass point coordinates for each model, as they
wele necessaly for subsequent digital plottmg opelatlons The blmdle adjustment method

* was used for t]ns calculatnon The 1931dual niean squale errors at each control point, which
show the accuracy of the msults were good, at 0.211 m (horizontal 1)031t1011) and 0.364 m
(vertical position).

- Work quantity: ' 13.line's, 57 models

_' Adjustnient method: ~ Bundle adjustment method
" QUTER CIRCUIAR HIGHWAY . PAGE6-5 -~ _ JICA STUDY TEAM
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Comparator: Stecometer

@ Dlgltal l’lottmg
Topographic and planimetric features were digitally plotted using aerial photogrammetry

and field survey results. A special code was assigned to each topographic and planimetric

feature to ensure the advanced use of data obtained,

Work quantity: 1:2,000 10.06 km?
, : ' 1:5,000 40,74 km?
Equipment used: -~~~ - Analytical plotter DSR14, SDR2000 -

@ l)lgltal Compllatwn . . .
Digital compllatlon was carried out using the data obtamed by dlglt‘ll plotting 'md the ficld

survey resulis, and in accmdance with map symbaol specifications. The data obtained by

digital compilation were saved into plot files and DGN files. -

Work qu.ani.ity: - 1:2,000 . 10.06 km?
_ C 1:5,000 - 40,74 kin?
~-. Software used: - - MicroStation 95
@ ()utput

The plot files created by dlgltal compllatmn were output at the specnﬁed scale and in

accordance with the map symbol spcc;ﬁcahons Papel base colour printouts as we]l as film-

~ base laser plmtouts were plepaled

Work quantity: - - 1:2,000 - 11 sheets
1:5,000 - . 15 sheets
JICA STUDY TEAM PAGE 6-6- " OUTER CIRCULAR HfGH’WAY .
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6.2 Natural Conditions Survey
6.2.1 Work in Sri Lanka

The JICA study team conducled studies on literatures and existing data and ficld survey during a

period from January to February 1999 mainly in terms of the following items:
(1) Geological and topographical surveys along the route
(2) Collection of existing boring dala, etc. on the study area from RDA and other sources

(3) Topographical study on alternative routes along with the field survey result based on the

1/50,000 and 1/10,000 tbpographic maps leased from the Survey Déparimcnt of Sri Lanka

The review was madc on the basis of above investigation results concerning (a) prediction of flood
ron-off through tht_:r valley topography that crosses the foute, (b) investigation on the borrow pits in

the ncighborﬁood of the route to soil avaiiabflity in terms of the lopography and geology, etc.

From May to July, 1999, the JICA study team contracted the following natural conditions survey to
a local research company to énsurc the accuracy of outline design concerning the optimum route

selected for detailed study,  The Team was in charge of planning and supervision of the study.
(4) Geotechnical invéétigalion and collection of hydrological data

- SilrQey items | o + .. Work quantity - o
"~ Mechanical boring (lalid Sc_ction) 8p6ints -+ Total of boring length - 112m - -
odite (rivc"rrslcc._tion) '_5pdint's 'ditl(_)' S . 7 53m
o dilto‘ > -. (ﬁlarsh scclioﬁ) 2pbiht$ o dite +~30m

.~ Grand total of boring lcngth195m :

. OUTER CIRCULAR HIGHWAY = - .- PAGE 6-7 T - JICA STUDY TEAM
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Undisturbed soil sampling (fixed piston sampler) : 17samples
Standard penctration test (cach 1m) 132numbers
Portable cone penetration test poinls Total of penetration length © - 23m -
(Machintosh test) _
Field CBRtest - =~ . : ~ .- 8points iGnumbers
Compaction test of disturbed soil (Proctor) and CBR test - . 17points  17numbers
Undisturbed CBR samples and CBR test 17points 17numbers
Soil test in laboratory:  Particle size distribution .-~ - -~ . =~ 14?.samples' .
Specific gravity _ ' 156samplcs
Allerberg test (liquid limit and plastic limit) 39samplcs
Ignition loss : 205amplcs
~ Unconfined compression test - . | : 44samples :
- Consolidationtest - .~ . . - - 39samples -

Collection of hydrological dala
Max. flood run- off study data for crossmg points of Kclanr and Bolgoda Rivers,
Daily rainfall data (1974 - 1999) _
Angoda, Bandaragama and Horana momtormg obsarvatorres
Source: Dcparlmcnt of Meleorology
Mean daily flow (1972 - 1998): Hanwclla observatory ( Kclam Rrver)
Source: Dep'lrlment of Irrigation

Flood stage along the route (Interview with local rcsidénls) '
6.2.2 Topography

The route is mostly planned in the ir.rlrand, ih_al is, in the hilly iopography arorn_ld éolombo erbo_ut 5 -
15 km from the coast. Only the start poim (ncar ihc routc: A3 at Ia' 'ju'nction. with the Colombo
Katunayake Expressway in the norlh.) and ¢nd point (nearjunclion Wilh the hation.al.road A2 in the
south) arc located rn the littoral alluviél'lowland ooar thc coast. The hlliy topography mcludes-
undulating hills with an clevation of iO 35 m or less that consists of prc Cambrlan bedrock and its .7
weathered soil and the alluvial lowland developmg along dcndrlllc water systems (vallcys, morass,
streams) where ﬂood plam sedrmenls (sand, silt, clay, gravel) origlnalrng from weathcred soil were

deposited dissecting the hills,

OUTER CIRCULAR HIGHWAY ﬁ_L PAGEG6-8 ' TR JICA STUDY TEAM
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The route crosses two water systems.  The system portion that is to the north and central section of
the route runs off into Kelani River while the portion to the south runs off into Bolgoda River and
lake, both via the dendritic water system,

In the inland area along the selected route, the hills with the elevation of 5 — 10 m or more have the
~ wide-ranging housing area and coconut plantations and various crop fields. Namely, this is a land
already developed for high-level utilization. Therefore, the alignment employed for the route is to
pass through the boundary between the hill slope end and the lowlhnd, swamyp (with the elevation of
less than 5 — 15 m) used for the paddy atong the stream and flat paddies. ' '
On the other hand, the topography from lhe arca near the coast at staxt and end points of the route
~ facing the Indian Occan ranges from the coastal alluvial lowland to backland swamp with the
elevation of 0 — 5.6 m or less. Except for the area along the national hlghway, most of the lands
- are either unused or used only parilally '

As a whole, the optlmum route. will havc an alignment to pass the unused lowland and low swamp.
Fig. 6.2.1 shows the pcrccntage of elevation at which the center line of optimum route passes. It is

_' found that 70% of the entiré route passes through the tand where the elevation is 10 m or less.

T : " Percentage (%) o .
0 10 20 30 40 50 60 70 80 a0 100

Elevation (m) -

Fig?6.2.l Ele\}ati.on distributio.n of Longitudinal profile

The topography is classnfled as follows along the station (STA) of the optimum route:

: (STA mdlcates the dlstance from the junction of CKE which are on the Preliminary Drawings)

(1) CKE (Colombo Katunayake Expressway) ~ AI Road _
STA -7~ STA6: Alluvial lowland with the elevation rangmg from 0lo 5 m
- STAG6 - STAlG: : Hll_ly topography with the elevation of 5 m '

QUTER CIRCULAR HIGHWAY FPAGE 6-2 : JICA STUDYTEAM
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STAL6 - STA43:  Peat land of backland swamp with the clevation of 0 m

STA43 ~STAS53:  Crossing ridges of the hilly topography with the clevation ranging from 10
to30m

STAS3 --STAG2:  Passing through paddies in the dendritic system with the clevation ranging
from2to5m

STA62 - STA77:  Hilly topography with the clevation ranging from 20 to 30 m

STA77 -STA82:  Passing through paddies in the dendritic system with the clevation of 10 m

]

Weathered
soil
(Laterile)

Bedrock

Photo 6.2.2 Old Rock Quarry at thara Karagahamura : near STA70

(2) Al Road —- A4 Road
STA82 - STA90:  Passing through paddies in the dendritic system with the elevation of 10 m

STA90 — STA9G:  Crossing ridges of the hilly topography with the elevation ranging from 15
to25m

STA96 - STA98:  Passing through paddies in the dendritic system with the elevation of 8 m

OUTER CIRCUIAR HIGIIWAY PAGE 6-10 JICA STUDY TEAM
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STA98 - STA104:

STA104 — STAIL08:
STA108 — STA115:
STA11S5 - STA121:
STA121 - STA123:
STA123 - STA126:
STA126 - STA136:
STA136 — STA138:

STA138 -- STA140:

STA140 - STA147:
STA147 — STA151:

STAIS51 — STA154:
STA154 — STA160:

STA160 - STA163:
STA163 - STA167:
STA 167 - STA174:
STA174 - STA177:
STA 177 - STA181:

STA181 - STA187:
STA 187 - STA192:

STA192 - STA198:
STA 198 — STA199:
STA199 - STA207:
STA 207 - STA208:

STA208 — STA211:

Crossing ridges of the hilly topography with the elevation ranging from 15
to 25 m

Passing through paddies in the dendritic system with the elevation of 10 m
Hilly topography with the elevation ranging from 15 f0 35 m

Valley in the hilly topography with the elevation of 10 m

Passing through paddies in the dendritic system with the elevation of 15 m
Hilly topography with the clevation ranging from 10 to 15 m

Paddies in the dendritic system with the elevation ranging from 2 o 3 m
Crossing ridges of the hilly topography with the clevation ranging from 10
to15m

Passing through paddies in the dendritic system with the elevation ranging
from2to 3 m

Hilly topography with the elevation ranging from 10 to 18 m

Passing through paddies in the dendritic system with the elevation ranging
from2to5m

Hilly topography with the elevation ranging from 5 to 10 m

Backland with the elevation ranging from 1 {0 3 m.

Fofmcr laterite borrow pit

Kelani river and its bank topography.

Hilly topography with the elevation ranging from 5 to 8 m.

Lowland in the dendritic system with the elevation ranging from 3 to 4 m

Hilly topography with the clevation ranging from 5 to 15 m.

Paddies and hills in the dendritic system with the elevation ranging from 5
tcbm

Hilly topography with the elevation ranging from 15 to 25 m.

Paddics and hills in the dendritic system with the elevation ranging from 3
to4 m

Hilly topography with the elevation ranging from 15 to 20 m.

Passing through paddies in the dendritic system with the elevation of 10 m

Hilly topography with the clevation ranging from 15 to 20 m.

Passing through paddies in the dendritic system with the elevation of 8 m

Hilly topography with the elevation ranging from 15 t0 20 m.
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STA211 - STA237: Paddy boundary in the dendritic system with the elevation ranging from 5
to 10 m

STA237 — STA243: Hilly topography with the elevation ranging from 10 to 22 m.

STA 243 — STA245: Passing through paddies in the dendritic system with the elevation of 15 m

STA245 — STA250: Hilly topography with the elevation ranging from 20 to 30 m.

STA 250 — STA277: Paddies in the dendritic system wilh the elevation ranging from 10 to 18 m

Phioto 6.2.5 A view on A4 road at S’l‘AZ?’I towaﬁ Colombo

OUTER CIRCULAR HIGHWAY PAGE 6-12 JICA STUDY TEAM
TO THE CITY OF COLOMBO ORIEINTAL CONSULTANTS CO,LTD



FINAL REPORT

STA393 - STA401:
STA401 — STA404:

STA404 — STA413:

STA413 - STA416:

STA416 — STA427:

STA427 - STA431:

STA431 —~ STA434:

(3) Ad Road - Southern Connection
STA277 - STA320:
STA320 - STA359:
STA359 — STA365:
STA365 -- STA372:
STA372 - STA377:
STA377 - STA387:
STA387 - STA389:
STA389 - STA393:

Paddies in the dendritic system with the elevation ranging from 5 to 10 m
Paddies in the dendritic system with the elevation ranging from 3 to 5 m
Hilly topography with the elevation ranging from 10 to 20 m.

Paddies in the dendrilic system with the elevation ranging from 2 to 4 m
Paddies in the dendrilic system with the clevation ranging from 5 to 10 m
Hilly topography with the elevation ranging from 10 to 25 m.

Paddies in the dendritic system with the elevation of 5 m

Paddies and hills in the dendritic system with the elevation ranging from
10to 22 m

Hpaddies in the dendric system with the elevation ranging from 2 to 4 m
Crossing ridges of the hilly topography with the elevation ranging from 5
to 10 m

Lowland swamp with the clevation ranging from 1 to 4 m on the bank of
Bolgoda river

Crossing ridges of the hilly topography with the elevation ranging from 5
to 6 m

Lowland swamp with the elevation ranging from 1 to 4 m on the bank of
Bolgoda river

Crossing ridges of the hilly topography with the elevation ranging from 6
to7m

Lowland swamp with the elevation ranging from 1 to 2 m on the bank of

Bolgoda river

Photo 6.2.6 Topographic view of paddy and round hill at STA295
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Photo 6.2.7 Representative cut of Laterite near STA330

{4) Southern Connection - A2 Road

STA434 — STA442:

STA442 — STA444:

STA444 - STA450:

STAA450 - STA453:

STA453 - STA458:

STA458 — STA460:

STA460 — STA469:

STAA469 — STA475:

STA475 — STA492:

STA492 - STAS00:

Lowland swamp with the elevation ranging from 0 to 1 m on the bank of
Bolgoda river

Bolgoda river and its bank topography.

Lowland swamp \‘}ith the elevation ranging from 1 to 2 m on the bank of
Bolgoda river

Crossing ridges of the hilly topography with the elevation ranging from 2
to3m

Lowland swamp in the dendritic system with the elevation ranging from 1
to2 m _

Crossing ridges of the hilly topography with the elevation ranging from 2
to3m

Lowland swamp in the dendritic system with the elevation ranging from 1
toZ2m

Crossing ridges of the hilly topography with the elevation ranging from 3
to8m '

Lowland swamp with the elevation ranging from 1 to 2 m on the bank of
Bolgoda lake

Alluvial lowland with the elevation ranging from 3 to 6 m
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Photo 6.2.9 Topographic view of low hill and low tand near STA460
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6.2.3 Geology

Lowlands (paddies) and valley with the clevation of 10 m or less, which account for 70% of the
inland route, have flood plain deposit. The deposit ranging from 1 -- 2 m under the ground is
mostly soft clayey soil to loosc sandy soil with relatively uneven grain size. Peal and organic
clayey soil may often intervenc thinly in the above flood plain deposit layer, but are distributed
mainly in backland marsh or swamp. In the swamp near STA24, thick deposit of peal was
confirmed on the route in this field survey.

In the hills along the route, there are culs and quarries where bedrock outcrops.  Generally, the
ground is covered with reddish-colored laterite (weathered soil) to a thickness of several to more
than 10 m. Bedrocks distributed in the project area include gneiss, charnokites, and granite, and
the weathered to fresh portions of gneiss and granitic guciss were confiomed during boring this
time.

The ficld survey this time confirmed distribution mainly of sandy soil in the alluvial lowland near
the coastal area (near start and end points).  According to the existing data, a drowned valley and
peat and clay layers of old backland marsh intervene in ceriain areas. The lower weathcrccj bed
rock is covered 1o a thickness of several ineters to more than 10 m with the peat in the backland
marsh observed in many points of the area from start and end points and with the alluvial layer
comprising sandy, gravely, and clayey soils in the lowland in the dendritic water system. It
appears from data obtained through boring and analysis of existing data that the peat which is soft

and may present problem for road construction will not exceed 10 m in layer thickness.
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